NGC 253 is a local, star-bursting spiral galaxy with strong X-ray emission from hot gas, as well as many point sources. We have conducted a spectral survey of the Xray population of NGC 253 using a deep XMM-Newton observation. NGC 253 only accounts for ∼20% of the XMM-Newton EPIC field of view, allowing us to identify ∼100 X-ray sources that are unlikely to be associated with NGC 253. Hence we were able to make a direct estimate of contamination from e.g. foreground stars and background galaxies.
INTRODUCTION
The X-ray source populations of external galaxies have been well studied for the last ∼20 years (see e.g. Fabbiano 1989 Fabbiano 2006 Read & Pietsch 2001; Kilgard et al. 2005 , and references within). Historically, studies of the individual sources have been severely limited by low count rates and signal to noise. One approach is to analyse the colours of each source (see e.g. Lira et al. 2002; Prestwich et al. 2003) . Alternatively, one may convert from intensity to flux using an assumed model, and then create an X-ray luminosity function (XLF) to characterise a galaxy or group of galaxies (e.g. Fabbiano 2006 ; Kilgard et al. 2005 ; Misanovic et al. 2006 ). This model may simply consist of a standard X-ray binary emission model with Galactic line-of-sight absorption (see e.g. Zezas & Fabbiano 2002; Soria & Kong 2002) ; alternatively, the model may be obtained from fitting the whole X-ray population of a galaxy (e.g. Irwin et al. 2003) , or splitting this population into several groups (e.g. Roberts et al. 2002) . The X-ray point source population for an external galaxy is expected to be dominated by X-ray binaries, with a small fraction being supernova remnants.
Empirical relations exist that link the X-ray properties of a galaxy with their mass (Gilfanov 2004 ) and star formation rate (Grimm et al. 2003) . However, observations of small or distant galaxies that account for a small portion of the field of view are dominated by X-ray sources that are unrelated to the target galaxy, such as foreground stars and background galaxies. Hence, one must estimate the contribution of such sources to the galaxy's XLF before one can estimate its properties. Moretti et al. (2003) have performed one of the most comprehensive studies of the XLFs for the X-ray background to date. They analysed the data from a large number of deep and wide-field surveys with ROSAT, ASCA, XMM-Newton and Chandra. From these observations they constructed XLFs in a soft band (1-2 keV) and a hard band (2-10 keV), converting from intensity to flux via assumed emission models; these XLFs are normalised by area. Hence, one can estimate the contribution of such background sources to the XLF of a target galaxy by scaling these XLFs by the distance to, and the area covered by, the galaxy.
Using XMM-Newton, the most sensitive X-ray imaging telescope to date in the 0.3-10 keV band (Turner et al. 2001; Strüder et al. 2001) , we can test the validity of these methods. We can do this by freely modelling individual Xray sources in nearby galaxies, and comparing the resulting XLF with XLFs derived using the various methods described above. NGC 253 is ideal for this purpose, as NGC 253 is large (∼25 ′ ×7 ′ ), but only fills ∼20% of the XMM-Newton field of view. Hence we may study the galaxy and the local background simultaneously.
NGC 253 is a star-bursting spiral galaxy in the Sculptor group that is almost edge on (inclination = 78
• , Pence 1981) . The distance to NGC 253 is uncertain, with measurements ranging from 2.58 Mpc (Puche et al. 1991 ) to 4 Mpc (Karachentsev et al. 2003) . The X-ray population of NGC 253 is expected to be dominated by high mass X-ray binaries (HMXBs), because of the high star formation rate to mass ratio (see e.g. Grimm et al. 2003) .
HMXBs are classified according to the donor star (see White et al. 1995 , and references within for a comprehensive review). Those with Be star donors have elliptical orbits with periods of hundreds of days, and only accrete near periastron, via the stellar wind (Bondi & Hoyle 1944) ; as a result, they are transient sources with luminosities generally ∼10 33 -10 36 erg s −1 . In HMXBs containing supergiants (SG HMXBs), the donor star is either filling, or almost filling, it's Roche lobe (see Kaper et al. 2004 , for a review). The compact object in SG HMXBs is continuously accreting either via Bondi-Hoyle accretion or via an accretion disc; BondiHoyle accretion yields luminosities in the range ∼10 33 -10 36 erg s −1 , while disc accretion can power luminosities up to ∼10 38 erg s −1 . Our survey is limited to bright X-ray sources, and hence we expect our sample to be dominated by disc-fed sources.
In this work we examine the 2003, June XMM-Newton observation of NGC 253. We first provide details of the observation and the data analysis in Sect. 2. We then present our results in Sect. 3. We first freely model the spectra of 140 bright X-ray sources, including 69 that we associate with NGC 253, and examine their group properties. We then compare the luminosities obtained from these spectral fits with luminosities obtained using several standard methods. Finally we compare the theoretical AGN XLF of Moretti et al. (2003) with the XLF derived from our freely fitted background sources. We discuss the implications of our findings in Sect. 4, particularly the implications for the empirical relation between the X-ray properties of a galaxy and its star formation rate, and the universal HMXB XLF proposed by (2001) . Source 105 is the nuclear region. Grimm et al. (2003) . Finally, we draw our conclusions in Sect. 5.
OBSERVATIONS AND DATA ANALYSIS
XMM-Newton observations are susceptible to periods of high background levels, caused by increased flux of solar particles. We screened the data from each of the EPIC cameras (MOS1, MOS2 and pn), to remove flaring intervals.
This process resulted in ∼46 ks of good time for the pn and ∼69 ks for the MOS cameras.
We combined the cleaned MOS and pn data, and ran the source detection algorithm provided with the XMMNewton data analysis suite SAS version 7.0. We accepted sources with maximum likelihood detections >10 (equivalent to 4σ). For every source, we obtained an extraction region with radius 12-40
′′ . In general, we used a radius of 20 ′′ , except for sources with large PSFs due to high off-axis angle, where a 40 ′′ radius was used, or in very crowded regions, where a radius of 12-15 ′′ was used. The extraction radius for each source is provided in Table A1 . The central region of NGC 253 is fairly crowded, and we ignored sources with another source <10 ′′ away. This resulted in the loss of only a few faint sources.
We also created a corresponding background region for every source. We required that the background be on the same CCD as the source for all three EPIC cameras, that there be no point sources in the background, and that its intensity per unit area be smaller than for the source region. The resulting background regions had areas 1-35 times greater than their corresponding source regions; for 75% of sources, the background area was more than three times larger than the source area.
We extracted pn and MOS source and background spectra in the 0.3-10 keV range, combining the MOS1 and MOS2 spectra if the source was present in both cameras. We obtained fits to all spectra with >50 source counts in the pn and/or MOS spectra with XSPEC 11.3
1 . We used power law, blackbody and bremsstrahlung models; all models included line-of-sight absorption. We considered all fits with null hypothesis probability 0.05 as acceptable; this is the probability that the differences between the modelled and observed spectra are due to random fluctuations alone. If none of these spectral models provided a good fit, we considered a two-component model consisting of a power law and blackbody, as seen in Galactic X-ray binaries. We used the best fit model to obtain a 0.3-10 keV, unabsorbed flux for each source.
RESULTS
In Fig. 1 we present a three-colour, combined EPIC image (∼ 30 ′ × 30 ′ ) from the 2003, June observation. The images were binned to 2400×2400 pixels, then smoothed with the SAS task asmooth. The smoothed images were weighted by corresponding exposure maps. North is up, East is left. The white ellipse represents the V band D25 isophot for NGC 253. Both populations of X-ray sources, inside and outside the D25 isophot, clearly display a wide range of colours. We also show a linearly-scaled close-up of the central 2 ′ × 2 ′ region, showing several point sources in a region that looks like one unresolved source in the main image.
Point source detection
Source detection revealed 185 point sources; they are designated S1-S185, and their locations are presented in Table A1 1 http://heasarc.nasa.gov/xanadu/xspec/ in the Appendix. In this work we separate these sources into those inside and outside the D25 isophot of NGC 253, IS and OS respectively. We found 140 out of the 185 XMM-Newton sources in Chandra observations: 3 XMM-Newton detections contained multiple Chandra sources, but the other 137 are single point sources, as far as can be told by the current X-ray telescopes. Vogler & Pietsch (1999) identified S9, S65 and S163 as background QSOs via their optical counterparts; they also identified S100 as a foreground star. Vogler & Pietsch (1999) also labelled S102 as a possible black hole X-ray binary, due to its high luminosity.
We found no associations between our X-ray sources and the identified globular clusters; however, we found two X-ray sources that were within 1 ′′ of globular cluster candidates (Beasley & Sharples 2000) . One of these was S65, leaving just S166 as a possible globular cluster X-ray source. These results suggest that the population outside the D25 region are almost entirely unrelated to NGC 253, making it a good probe of the local X-ray background. However, we note that Galleti et al. (2004) have announced 380 globular Table 1 . Best fit parameters for power law models applied to the summed spectra of the IS and OS faint source populations. We first show the number of faint sources in the population. We then show the best fit absorption and photon index, the χ 2 /dof and corresponding good fit probability, and the flux equivalent to 1 count s −1 in the 0. cluster candidates in NGC 253, but have yet to publish the results of their follow-up observations.
Spectral analysis
We found 71 IS and 69 OS sources to be bright enough for spectral modelling. Lightcurves of each source were checked for variability; the spectral models are only valid if the source is stable. Variability of sources in NGC 253 will be discussed in a following paper (Barnard et al. in prep) . Our strategy for obtaining spectra was designed to ensure at least 5-10 source counts per channel, favouring a few 10-count channels over many channels with less source counts. Spectra with >500 source counts were grouped to a minimum of 50 counts per bin; those with 200-499 were grouped to a minimum of 20 counts per bin; those with 50-199 counts where the source contributed 50% of the total counts were binned to a minimum of 10 counts per bin; finally, sources with 50-199 counts where the source contribution < 50% were grouped to a minimum of 20 counts per bin. We also note that the source + background spectrum always had at least 10 counts per channel by design, and that our large background regions ensured a good determination of the background spectrum. As a result, even sources with only 51 source counts could discriminate between models in some cases.
Spectral properties of the bright X-ray sources
Here we compare the spectral properties of those sources bright enough for modelling. Details of each fit are presented in Table A2 . We first looked at the range in line-of-sight absorption exhibited by these sources, then looked at the best fit photon index for a power law model, even for sources where a power law does not give the best fit. For this comparison we ignored S105 (the nuclear region) and S163 (an AGN) from the IS population, and S100 (a foreground star) from the OS population. Figure 2 shows histograms of the line-of-sight absorption, nH, for the IS (thick black) and OS (thin grey) populations, with a resolution of 0.05×10 22 H atom cm −2 . We see that ∼70% of the IS population have absorptions >5×10
20
H atom cm −2 , i.e. >4 times Galactic line-of-sight absorption (∼1.3×10 20 H atom cm −2 , Stark et al. 1992); indeed, 16 of the sources (∼ 25%) exhibit absorption >40 times Galactic absorption. This variation is perhaps unsurprising in a spiral galaxy that is almost edge on, particularly when one expects the X-ray sources in NGC 253 to be HMXBs, and therefore linked to regions of high star formation rate. Meanwhile, the majority of the spectrally fitted OS sample, thought mostly to be background galaxies, have low absorptions. This is likely to be a selection effect, caused by choosing only the brightest (i.e. nearest, or least absorbed) galaxies. Figure 3 shows the distribution in photon index, Γ, for the best fit power law models to the IS and OS populations. Again, the IS histogram is represented by a thick black line and the OS histogram by a thin grey line. Around 10% of sources exhibited thermal spectra, and yielded Γ > 4; such sources were excluded from Fig. 3 . While many published XLFs assume a single value of Γ, a broad range is observed in both the IS and OS populations.
Modelling the faint sources
We classify those sources that are not bright enough for spectral modelling as faint sources. We separately summed the spectra of the 7 faint IS and 36 faint OS sources, and modelled each of the summed spectra with a best fit power law. Table 1 summarises these models. For each model, we give the best fit absorption and photon index, as well as the conversion from intensity to flux for each instrument in the 0.3-10 keV band. This conversion factor is defined as the unabsorbed flux equivalent to 1 count s −1 for an on-axis source with an extraction radius of 15 ′′ . We initially used the HEASARC WebPIMMS software 2 to calculate the conversion factors for each model. However, we realised that WebPIMMS does not account for the variation in calibration throughout the lifetime of XMM-Newton. Hence, we obtained the conversion factors for the observation discussed here using an on-axis, 15
′′ source. We note that Γ = 0.4±0.3 for the best fit IS power law model. This is consistent with the 0.3-10 keV spectra of faint NS+Be HMXBs accreting via Bondi-Hoyle accretion (where Γ ∼0-1.5, White et al. 1995).
3.3 Luminosities of NGC 253 X-ray sources from different methods
Defining the methods
For the 69 IS sources discussed in Sect. 3.2.1, we obtained fluxes from the source intensities using some of the methods employed in the literature when creating the XLFs of external galaxies. For Method I, we assumed a standard emission model and Galactic line-of-sight absorption. We tried a 5 keV Table 2 . Best fit absorbed power law models used to obtain the conversion factors for Methods I-III; the conversion factor is the 0.3-10 keV unabsorbed flux equivalent to a 0.3-10 keV pn intensity of 1 count s −1 from an on-axis source region with 15 ′′ radius. For each model we give n h , Γ, χ 2 /dof and conversion factor (0.3-10 keV unabsorbed flux in 10 −15 erg cm −2 s −1 equivalent to 1 count s −1 in the pn from an on-axis source with 15 ′′ radius).
Model n H / 10 20 atom cm −2 Γ χ 2 /dof Conversion Factor ; we found the conversion factors for these models to agree within 3% for the pn and 5% for the MOS. We chose the power law model. For Method II, we combined the source regions for all of the sources, and obtained a composite source spectrum; similarly, a composite background spectrum was obtained by adding all the background regions. The background-subtracted spectrum was then modelled by an absorbed power law, giving the conversion factor; this method is similar to that used by e.g. Irwin et al. (2003) . Method III involved splitting the NGC 253 popu-lation into sources with >3000 net counts and those with <3000 net counts. We then found the conversion factor for each group. This method is similar to that employed by e.g. Roberts et al. (2002) . Finally, we modelled each source with constrained power law emission with Γ = 1.7, but with the absorption free to vary; the motivation was to investigate the importance of the emission spectrum in deriving the source luminosity. We call this Method IV. Luminosities were calculated assuming a distance of 4 Mpc, as favoured by Grimm et al. (2003) .
Applying the conversion factors
In Table 2 , we list the spectral models and conversion factors used for Methods I-III. For each model, we give nH, Γ, and χ 2 /dof, as well as the conversion factor. This conversion from source intensity to flux assumes an on-axis source with a 15 ′′ radius; however, our source regions varied in radius from 12 ′′ -40 ′′ , and had off-axis angles of ∼0-14 ′ . Hence, it was necessary to correct the source intensities for vignetting, and differences in encircled energy fraction (EEF). The background-subtracted source intensities obtained from XSPEC are already vignetting corrected, and only EEF correction was necessary. We calculated the EEF for every source as a function of radius and off-axis angle, weighted by energy over the 0.3-10 keV band. If I(R, Θ) and E(R, Θ) are respectively the intensity and EEF for a source region of radius R and off-axis angle Θ, then
hence
This work ensures that the same corrections for EEF and vignetting were applied for Methods I-IV as for the best fit spectra. We present the EEF for each source in Table A1 . E(15, 0) was found to be 0.71 for the pn, 0.68 for MOS1 and 0.69 for MOS2.
Comparing the methods
In Fig. 4 we compare the best fit luminosities with luminosities derived from Methods I-IV as a function of pn source counts in panels (a)-(d) respectively. The best fit luminosities are shown as grey, open circles, while the luminosities derived from Methods I-IV are solid circles. For Methods I and II, the luminosities are expected to have a linear relation to the number of source counts, and the scatter is due to differences in encircled energy and vignetting corrections. We also show the ratio of total best fit to modelled luminosity for each method (BF/Mx, where x is the method number from 1 to 4). The total luminosity from the best fit spectra is 2.8 times higher than the Model I luminosity for the same sources, 30% higher than for Model II, and 10% higher than for Model III. It is unsurprising that Model III is most successful at reproducing the freely fit luminosity, as we grouped the sources into two intensity groups and obtained two very different conversion factors. Hence the relationship between intensity and luminosity is clearly non-linear.
We note with interest that Model I, with a best fit χ 2 /dof ∼13, is furthest from agreement with individual fits. Meanwhile, the best fit for the Model III sources with >3000 counts yields χ 2 /dof ∼0.92, and BF/M3 for just those sources is just 1.03. These results show that reliable luminosities can only be obtained from models that reflect the data.
For low luminosity sources, the Method IV and best fit luminosities agree fairly well. This is to be expected, as many low-luminosity disc-accreting XBs exhibit spectra that are well characterised by Γ=1.7. However, at higher luminosities, Method IV tends to underestimate the luminosity. Again, this is expected, as higher luminosity XBs exhibit systematically softer spectra than low luminosity XBs; hence Γ=1.7 is generally no longer a good fit. As a result, Method III and even Method II give a better estimate of the integrated lumiosity of NGC 253.
Luminosity functions of the NGC 253 and background populations
While we associate the IS population with NGC 253, the OS population represents the background AGN. Before comparing the XLFs of the IS and OS populations, we normalised them by area. Assuming a circular field of view with 15 ′ radius, NGC 253 and the background region cover 137 and 570 square arcminutes respectively. We present the best-fit XLFs of the IS and OS populations in Fig. 5 ; the 0.3-10 keV luminosity is plotted on the x-axis, and the number of sources per square degree with higher fluxes given on the y-axis. The black lines represent the IS XLF, while the grey lines represent the OS XLF. These luminosities are calculated assuming a distance of 4 Mpc. It is clear that the IS population has considerably higher spatial density than the OS population. Figure 5 leads us to expect little contribution from the background above ∼2×10 37 erg s −1 . We next compare the best fit IS XLF with those of Methods I-III in Fig. 6 . Unsurprisingly, the XLFs of Methods II and III are flatter than the XLF of Method I, as the Method I luminosities are systematically lower than for Methods II and III. The universal XLF for HMXBs reported by Grimm et al. (2003) relied on published XLFs that were created using a variety of methods. Our results show that the systematic variations between methods is likely to have introduced extra uncertainties in their results; we discuss the implications of our results more fully in Sect. 4.2.
Assessing the AGN contribution
In Fig. 7 we compare the Moretti et al. (2003) XLFs with best fit OS XLFs in the 1-2 keV (soft) and 2-10 keV (hard) bands, including faint sources. For the faint sources, the OS model presented in Table 1 is used to convert from intensity to flux. We note that our OS sample is rather limited, and does not necessarily represent the AGN background as a whole. However, our best fit OS XLF suggests that AGNs contribute rather more to the high luminosity end of the hard XLF than predicted by Moretti et al. (2003) ; conversely, our background AGNs appear to contribute less to the soft XLF than predicted. We also note that the best fit OS XLFs are steeper than those calculated by Moretti et al. (2003) . Our observed 2-10 keV XLF for luminosities greater Figure 5 . Best fit X-ray luminosity functions (XLFs) for the IS (black) and OS (grey) populations, assuming a distance of 4 Mpc. The nuclear source S105 and QSOs S163 and S26 are removed from the IS XLF. The foreground star S100 is removed from the OS XLF because it suffers 100% uncertainties. KolmogorovSmirnov (K-S) testing shows that the IS and OS populations have a probability of 1.8×10 −7 for being drawn from the same population. 
than ∼10
37 erg s −1 suggests that the AGN are systematically more luminous than previously supposed; incompleteness prevents us from exploring the low luminosity end of the XLF. The observed excess could be due to an as yet unidentified population associated with NGC 253. However the lack of globular cluster associations to date makes this unlikely. Alternatively, the spectra of the AGN could simply be harder than assumed by Moretti et al. (2003) , who assign an emission model to each source based on its intensity. The OS XLF includes sources that were too faint to fit individually, so the best fit power law to the summed faint source spectrum was used (see Table 1 ). The Moretti et al. (2003) XLFs were constructed from several surveys where fluxes were obtained by assuming a single spectral model for a given field. Our XLFs suggest that the true contribution of background AGN is higher in the 2-10 keV band, and somewhat lower in the 1-2 keV band, than is suggested by Moretti et al. (2003) .
DISCUSSION

Comparing Methods I-IV
Absorption appears to be a major influence on the conversion factors for Models I-III; the modelled absorptions for Methods II and III are ∼15-40 times higher than the Galactic line-of-sight absorption assumed for Method I. As a result, the luminosities obtained from Methods I-III vary by a factor of ∼3. However, our results from Method IV show that absorption is not the only important influence in determining the source luminosity. We therefore conclude that one should not assume the absorption or emission spectra of extragalactic X-ray sources.
We expect many of the X-ray sources in NGC 253 to be disc-fed HMXBs. Galactic disc-fed LMXBs and HMXBs are known to exhibit softer spectra at higher luminosities, whether the accretor is a neutron star or black hole (see e.g. van der Klis 1994 Klis 1995 McClintock & Remillard 2003 , and references within). Hence it is unsurprising that the relationship between counts and luminosity is non-linear. Subdivision of the X-ray population into intensity bands, and obtaining corresponding conversion factors (like Roberts et al., 2002) , is therefore likely to be the best approach to fitting any low-photon-count data.
We note that Irwin et al. (2003) used an approach very similar to Method II for studying LMXBs in Chandra observations in nearby elliptical galaxies. They modelled the composite spectrum for each galaxy with an absorbed power law, but fixed the absorption in each case to Galactic values. They obtained good fits for each galaxy, with Γ ranging over ∼1.4-1.9 between galaxies. These results suggest that using Galactic absorption and Γ = 1.7 (i.e. Method I) is acceptable for LMXBs in elliptical galaxies. However, we would still recommend Method II (preferably Method III), in case the X-ray population to be studied experiences absorption significantly higher than Galactic line-of-sight, or is systematically harder or softer than expected.
4.2
Implications for the universal HMXB XLF Grimm et al. (2003) used Chandra and ASCA surveys of nearby starburst galaxies, along with ASCA, MIR-KVANT/TTM and RXTE/ASM observations of HMXBs in our Galaxy and the Magellanic Clouds to obtain a correlation between the X-ray properties of HMXB populations and the star formation rate (SFR) of their host galaxies. They chose their sample of galaxies to have sufficiently high SFR to total mass ratios so that their X-ray populations would be dominated by HMXBs, with negligible LMXB contributions. Grimm et al. (2003) used published Chandra XLFs, scaled to distances calculated from the radial velocities of Sandage & Tammann (1980) , assuming the Hubble constant to be 70 km s −1 Mpc −1 . They found the XLFs of these galaxies to be strikingly similar, when normalised by the SFR of the galaxy; estimates for the SFR were obtained from IR, UV, Hα and radio observations. Grimm et al. (2003) proposed a universal HMXB XLF, with the differential form dN dL38 = 3.3
where L38 is the luminosity normalised to 10 38 erg s −1 , and the SFR is measured in M⊙ yr −1 . They also derived two empirical relations between the X-ray properties of their sample galaxies and the SFR. Firstly, they find that the number of sources with 2-10 keV luminosities >2×10 38 erg s −1 to be proportional to SFR 1.06±0.07 . Secondly, they find a linear relation between the total HMXB X-ray flux of a galaxy and its SFR, for SFRs 4 M⊙ yr −1 ; at lower SFRs, they find the total luminosity to be proportional to SFR 1.7 . Grimm et al. (2003) included NGC 253 in a secondary sample of galaxies used to test their XLF-SFR relation. They obtained the integrated 2-10 keV luminosity of 5×10 39 erg s −1 from an RXTE observation, using the best fit to the integrated spectrum (a power law with Γ = 2.7), and assuming a distance of 4 Mpc. The SFR estimates from the multiwavelength observations varied from 1.5 M⊙ yr −1 (Hα) to 6.5-9.5 M⊙ yr −1 (FIR); Grimm et al. (2003) adopted a SFR of 4 M⊙ yr −1 . Using their values, NGC 253 is considerably less luminous than predicted by their relations.
However, the XLFs used by Grimm et al. (2003) were created using several methods. Some were obtained assuming a standard emission model and Galactic absorption (e.g. Grimm et al. (2003) have shown a striking correlation between the star formation rates and XLFs of different galaxies, although there is sigificant scatter in the correlation. However, our results have shown that one can obtain very different luminosities from the same data when using different methods. Hence the differences in the XLFs presented by Grimm et al. (2003) may be due to the different methods used in obtaining each XLF. If one were to revisit the galaxies surveyed by Grimm et al. (2003) and obtain the XLFs using only a single method (preferably Method III), then the correlation between XLF and star formation rate may be strengthened.
CONCLUSIONS
Grimm et al. (2003) report a universal HMXB XLF derived from published XLFs of several nearby galaxies. They also derive relations between the star formation rate and (i) the total luminosity of the point X-ray sources in the galaxies and (ii) the number of X-ray sources in a galaxy with 2-10 keV luminosity >2×10 38 erg s −1 . However, the published XLFs were produced using a number of methods, in most cases assuming Galactic line-of-sight absorption.
We have tested several of these models using a deep XMM-Newton observation of the nearby galaxy NGC 253, included in a secondary sample of Grimm et al. (2003) . We obtained freely modelled luminosities for the 140 brightest sources in the field and also obtained the conversion factors from intensity to flux for some of these different models. We found them to vary by a factor of ∼3. We found the biggest influence on the conversion factor to be the absorption, which varied by a factor of ∼50 between methods. Since the universal XLF and relations between SFR and Xray properties were obtained using a mixture of methods, we suggest that reanalysing the sample with a single approach could yield even more striking relations.
It is possible that NGC 253 may represent a "worst case" for absorption effects, as it is almost edge on and has a high star formation rate. However we note that our early (unpublished) studies of XMM-Newton observations of NGC 300 show similar disparity between Method I and best fit luminosities; NGC 300 is almost face on and has a much lower star formation rate. Hence, our concerns about assuming Galactic absorption and standard emission models may apply to all galaxies to some extent.
Furthermore, we find that the background XLFs obtained by Hasinger et al. (2001) and Moretti et al. (2003) should be treated with caution and may be misleading. The true background XLF appears to contribute more to the high-flux sources, and correspondingly less to the lower fluxes. I.e., the high flux gradient is steeper, while the low flux gradient is flatter. Hence, the background XLFs also need to be re-calibrated using best fit models rather than assumed models.
It is not yet possible to combine the superlative spatial resolution of Chandra with the sensitivity of XMM, hence recalibrating the XLF-SFR relation, and the XLF for background AGN, will be difficult. However, we find that using an intensity to flux conversion that is derived from the best fit model to summed X-ray sources is more successful than just assuming a standard model. The more luminous X-ray sources are systematically softer than the fainter ones, hence it makes sense to group X-ray sources by intensity, and apply the best fit to the summed spectrum of each group when converting from intensity to flux.
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